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(54) MANUFACTURING METHOD OF SHAPE MEMORY ALLOY THIN-FILM ACTUATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To achieve high efficiency 
manufacturing method of an actuator having SMA thin 
film by subjecting a shape memory alloy thin film on an 
insulating film to crystallizing heat-treatment and to a 
shape memory treatment, then patterning it into a 
predetermined form, etching a part of an insulating film 
on the back of the substrate, and etching the substrate 
via the remaining insulating film. 
SOLUTION: Insulating films 4, 6 are formed on the 
opposite surfaces of a silicon substrate 2, and after a 
lower layer film 10 consisting of TiNi~alloy is formed on 
this insulating film 4, an upper layer film 12 consisting of 
TiNi— alloy is formed on this lower layer film 10. Herein, 
the internal stresses and the composition of the upper 
layer film 12 and the lower layer film 10 can be set 
arbitrarily. Then, the upper layer film 12 and the lower 
layer film 10 are subjected to heat treatment for 
memorizing a crystallized and flattened form. Then, the 
upper layer film 12 and the lower layer film 10 are 
patterned into a U-shaped cantilever form, and a part of a mask 6 is removed to expose the 
silicon substrate 2, and the silicon substrate 2 is subjected to an anisotropic etching treatment 
via the remaining mask 6. 
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fabo=-50. 2MPa^45 0 
[0 0 5 9] rttf-^fbT, 04 (b) SC^ftfcIE* 

*ifcSMAlWI©rtW**H:, 9138**^*9, ^©ffi 

ail, ±E^h-^©a;Hff = 14 3. 8MPat 

[0 0 6 0] r©J:5IOia#©ft*3*R&fWW- J 5£ 
itcioTfc, SMA»gHcffiB*S*Xttgi»S**-§- 
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te, a»R«-e±*xttT*jc*ift (Hi (a) , 

(b) #JS) g?a^±ic»i-§r tKXoXm 
ttiBitLfespattfcia« (01 (c) #Bg) 

[0 0 6 1 ] £fc, ±jEH*«>Jlfl*"Ctt* ±S?*BSl 2 

xt^TSifRi o*»feji«2Jii(fift©sMAi»iit#r 

SMA*iSSrffiV^-C'bav\ 10 
[0 0 6 2] mm (a) , (f) fctt, S 

MAflCUfffi^S^-ClS?), ID0 (b) , (c) , 
(d) , (e) fctt, 5fe*, SMA^K^ff^T^lBliC 

5 X rasa (g) , (h) , (D , ( j ) ttt, 

[0 0 6 3] 15 (b) , (g) iCjfrfJ; © 
SMA»«*»briJ«^t>*8©±«*>feT«K:|Rl*»o 

■tjEiBS*fca»w (hb (b) #flg) x\zmm#) (m 20 

0(g) #M) £«*J>£tffc»£\ ^5 3yfflS2±t 

mmmm*$L-t mm (U #d 0 

[00 64] 05 (c) , (h) SMA 

»it©±«*»6)T«llciflid»o-C3l§tttS*Sra»W (HB 

( c ) #bs) xii^iM^) (pis (h) mm) fc**** 

f (P0 ( l ) #R8) o 

[0 0 6 5] 05 (d) , (i) K&lrX?^ SMA 

}Wi©±«d»6)Tllfc|fiiI*»o-cgi3»S*Sra»W (PJH 30 

(d) #m) (mm (D » tc±|jp$-fr 
■t (mm (m) mm) . 

[0066] 05 (e), (j) tijct^Sfc* SMA 

*it©±«d»feTHtfii*>o-cffiit*s**ai»w (1*10 
(d) xi-mm® (mm m mm) 

itw&. >t«r*)*8tt, SiB*t*-e±ii>i**itti?I^RtJ« 

1- (PJ0 (n) #1) . 

[0 0 6 7] £©*5teSMAlWIBft:fcJS/7#tf8:-5 
x5r<ticioT, JHMBaEortawStfjflUfl (±fSH 40 

mmm&m) ^m^i<> s?s»smai 

[0 0 6 8] ftfc, *36K©&2©||Jffi©^1!8W&57& 
[0 0 6 9] 06 iC^-fi. 5 t-s **l£©?§ffi}CjIffl L 

tzmnhmmT?3-^^~-?\t, ^n^2 4t. ^©w 50 
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2 4 § Hfc - S MA»M 

T i N i ^P)^5 SMAlK^lffitS. 

[0070] 2 4 (±, mi ©HJS©^B^PJ^ 

}C, ->!in 2 8 HcWmm 3 0 *ri»Lt*J« $ 

feixX^So Ifegl3 0tuit Mill HMK 

itmx\m^mt"y u =3 s i nmd 

Us 0*Sffl1-?. o 

[0 0 7 1] M^t>*2 6tt, X«f«2 4©WP3 2Sr 
SiNf) 3 0±.\c%W£hX^Z>o r©J; 5&«J&£ 

t mmm<Dm& -f » * * t ± o -ewe $ n 5 . 
[0072] ^a&R 2 8 ±\mum 

({SjS^ S i Nfl) 3 0SrriWLfc«, SMA»SI£$ 
**) *«Rfi**b«. ft*, *^«6©^«8-ett, SMA 
fcolvOft!H1-3o SMAjfKfcii, Sights 

•tir-5fcfe©m^a (^^fti&Ma) sv^ta^ic^tE 

7* h !J — tcioTSMAifitSrlftft* 

]&<Dmnhmj&mc/<?-~y-yir5 0 m^x, 0*l 

^SrJStyt^, iCMHR (f&fc^S iN» 3 Oic 

[0 0 7 3] i©<t5ftM3g7°t3ir^(cj:|i«\ SMA 
(a) tiSi-J:5tc, ±r&if T-^ff^^1- 0 

[0 0 7 4] r©*Mfi|C*JV^-C, M^^^2 6©Sffi}C 
^$nfc-*f©mH^y K3 4fc3f€©«EESrfPiPt 
TSMA*flI^JPl^1-?ii, '©TiNi'&MSMA 

#s*, t i n i -&^RsMAfiit©ji^iaiiSfc*jcas<J 

^T, Miffed 2 6 1±, 0 6 (b) (c^-TJ: 5 
[0 0 7 5] lot^ ***©»»©JIJ*ME1i'&4H»«l 

t ^ ^ ^ 3i - 9 \z x mi, rn^rn m xw±%iM ^191 
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zz.k&»sMx*fo5o mmiat. a 6 ( c ) \c^-n. 

Xii0 2 (0K0 2) |:fft$«ii^f#5„ * 
3b\ T i N i£-£MSMAStilfi, $Eft6 3 3 nmO* 

SMAflllCCrlSfg^L 
TAu*Sr*KS*5ii*s#*U\ io 

[oo76] <wc s jmmvmzvnMvwMK&mt 

ttfEtt^&fcKT^a^-^fco^-C, 0 7,^00 8 

sr*flgL-c»ifl-r5. 0 7&u«0 8t-{is *mm<Di&M 

[0 0 7 7] @7 Sffl 8 IC^-f i 5 fc, -fcMM<Dm& 
8 ^©WlWlJ^iJWS 3 8^^$^fc-*fR]'ttS 

^©-0114: Its T i N i #dfe*»foj*5 SMA^SISril 

[o o 7 8] £»gp3 8fi, mKDmmmmtmm 

»R 4 4 & Jtil LT»J* £ tbfcR«JU«©B! P 4 6 ftW 

m\mx\-im^mt"y')^ym am^s ink) 

»«T?tt, tO-fli:U, *«ttSr*-rS<S*S^S i 30 
[0 0 7 9] Wf77A4 0lt X«pffi3 8©PBP4 

[0 0 8 0] Afrftfcfis J/ya ^&R4 2 ±£JBJUR 

tfKfeSflSo ^afc©3#lfi-Ctt, SMA 40 

»R*»bj«5 *V +7 7 A 4 0 fcJEfcUStfjas-S-*. btifc: 

fcteU 7*hy y^?7>f— £J:oTSMAfc||«rj©& 

(I CP) lyT-i^fcifcLfc*, l&ftJR MS 
JS7JS i N«) 44IC K9>f^y^^ Ki£ 
tt^f^iy^^OlIE))**-*-. 4^ ICPiyf 50 
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m 1 0 OffiF^t < fcSfc*. #!|;UfJ?£ 2 0 0m m©v 
y a v£J£4 2 ±(C|?^ 2 u mOill ({&£7l S i N 

md 4 4*flWiL-c*irt«x ->y =^»R4 2*»e>KMt 
m (i&fcfr s i nir) 4 4^nmLxnm]fm(Dma4 

*»^fcnflf»*t©l!ia4 6*J»ris$jx, PWfc* 
Mp 4 6*95 J;5«lf^fc^f77A4 0^1 

[0 0 8 1 ] r^J:5^Mat7 0 a-feX}cj;n«\ SMA 
mmcJZMl&fitiiWlfe&ilnX^Stzft, TtT-^-Z 

^j&m'-Mi^ytnic&^x , ^^77^401^ ±fa 

#K-^»ttSrritf (07 (a) , (b) #fig) o 

[0 0 8 2] -ooytMKm^x, yj^yyMcB&Z 

TSMAilKSrJP^-r?)^, ^OTiNi^ISMA 

gnKtt* hti (was) ;© 

T i N i^SlSMAffR^JI^KIBttSbAlcX-^ 
V^T, Wf77A4 0(i, 07 (c) , (d) fc^-f 

[0 0 8 3] tot, #H16©7gffi©7&lfcBtt£&*I? 
T^^^^-^icititf, 3f)tJBI»|-emEEWlP**t>jg 

[0 0 8 4] ^t75A4 0OK-ASIS:K 

Sit^BTIB-CfcSo A#tttef4* 0 8 (a) k^fJ: 

p,^ u-f-3tij ; ^t77A4 0© K-AH±{fi:g}' 
MltLfc^cfi, ^t77i^4 0Sr*»**Tt* 

(0 8 (a) #.BB) „ r©^S{'*3^T, RB 

(a) fc*i"J;5fc. ^i*l'-f4 8^^!CR 

[0 0 8 5] 0 7 (b) fcjjrtiSteU ^"^7 

7A4 Off) F—JilffifstM&S. 7~k Lxmrnir^z. 
It bfc^ic K--6.«jB*»6SW L±R^%(DMmm P 

x, sMAmm<DMm&m%mkir%zk\c£^x, m 

[0 0 8 6] /jC*j\ 0 7 (a) , (b) ©*^fc*JV^ 
■C, T i N i^SMAflli, SS6 3 3 nm<D% 
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m&-tz>m&\a±, suAmm±^c rmmmzicL 
[oo8 7] ^mm<Dm4<Dmm<Dmm\m^ 

0*#flgL-Cift^1-5o 0 9&t>*01 OWi, *HM© 
[0 0 8 8] 0 9&001 0}C,tH-J;5^ *M1fa(D& 

MK-mRLif?* ntfyftt. ^©ft^Mtt^ftJcfto-t 10 

-Mt»PlP5 O^M£ftfc£}$g|5 5 2 
Mfc©W p 5 0 SrS 5 <fc 5 KKtt fetiS-O^oji^gp^ 

Jffik<DWk<D¥'( J r7yJ*5 4z, 5 4 b, 54ct, 

4 a, 5 4 b, 5 4 c fC^ft LTEg$tl/c±;f£ 5 6 i: 

[0 0 8 9] r ©± 5 SiMtS^^f ^ P^y/tc 

S«f»5 2t±fi5 6 t©P B 1iC«, S#5 8^ 
aii^I|g^SSS6 0**^**i, ^f77A54a, 20 

5 4 b, 5 4 cSr^^-f ^V^-e^^-ftSr^lCt 
oT, «EK6 0»C}ft-3-Ci«#:5 8Sr5^»)W-rri:dS-et 
5o 

[0 0 9 0] **5 % SMAilirLTft, #£U£<Z>fl£ffil 
Tfi, f©-«iU> TiNi^biSSMAi 

T, 3o©|P 5 Oiic^tStffeftfcSo©^ "¥7 
7^54a, 54b, 5 4 c ^H^Tt-r^ ^ n tfyy°\c 

3o©^t77A^l©^-ft77i«5 4a, ^2 30 
CQ^V-^^7^5 4 b, H3CQyV-f7 7-A5 4 c tff 
1rZ>~tti-% 0 Sfc, 0ffi±, i#5 8!4, ^fe^y 

[0091] x«fss 5 2 1±, mi (om&<Djm t mm 
fibmn 5 otDftmt l-cw:, MitfRi^««f©i 

itt, n»OBP5 0*a[ffl-t« (110 (a) # 

tm&jjmzi' v=i>m amti s i nid 

S3, %<D-MbVX. ftttttSr^Tt-Sttie^S iN§6 

[009 2] Il~l3©^t77A54a, 54 
b , 5 4 c fi, , R^©W P 5 0 %m 0 i 5 KER 

6 4±fc*«r*n , rv^. 50 
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[0 0 9 3] i©J:54****t* S-^W tntfyy'K 

mm^mmmm^mmr^^^-9\i, m© 

5o lot, fflS-f 3Mi£^n-i?XfCo^T©^i£HJ!£ 
iPx^o IP^ Il~f3©^t77A54a, 54 
b, 5 4 c(Dmmyn±MX SMAfg6 6±tit 

i£KMWR (HJFLfcvO roffiWill 
±^*§8*Rt-^ 6 8 Sr-ftftic^-^^-fS 
(010 (b) #{£) o *jt*©»liT?tt, SMAI1 
6 67)^^5^1-^3(75^-^77^5 4 3, 5 4 
b, 5 4c }Cj±^7l7)^ibtl7t*^lCO^-tEBJi- 

SH (0^L&V\> S:«iLtfcSv\ 
[0 0 9 4] ^ftM^Dir^t-itlff, S MA 

7A54a, 54b, 5 4 c f±, Jjf£g§ 6 0 5 <t 
5fc±lfil* K-A^^-t (09 (a) « o 

[0 0 9 5] i©JR«fc*J^-C, »l~*3©^-t7 
7A54a, 54b, 54ct^M^f:ti^'y 
K«7 0 (010 (b) tc0fS©«£ES:PpJnL-C 
SMASH 6 6 T i N i l^feM 

©SMASH 6 6 (4, t-^7W htl (ifciftfB) fc£ 
Mi-^o ~©S*> SMA*ll6 6©J!M*IBli»*fc* 
oV"C, Bl~^3<D^-f-¥7-7i»5 4 a, 54b, 5 
4 c ft, stESS 6 0 SrJHifrt 5 <t 5 £¥i&7Wc[II«-f 5 

(09 (b) ~ (f ) #J&) „ 

[0 0 9 6] lot, *HH©^S}cagffl Lfc-v-f * n 

»01t^iiaot, fl-f 3ffl^t77A5 
4 a, 5 4 b, 5 4c*H»Wl.oWRfl«JfcaSiJ*"*« 

[0 0 9 7] jy.T> *Hlt©»iSO»ttlBtg^»*T 

7A54a, 54b, 5 4 c tt, ±1*0 1 K*~ A^Sr^ 
ilE&6 0&BJ*t3o Fjf/£©ff77T'5ii9 
UJS*lfc*#5 8fi, fl©^f77A54a©» 

*-es«sn5 (0 9 (a) #fig) „ 

[0 0 9 8] r.CDt#, Il©^t77A54a©S 
MAf§6 6 (010 (a) #flg) ^PUft-TS^, jS 1 
O^Vf775 4a fl, ^©^lEHaSfcX-^V^TSP 

fiot, M2©y-l > -V>'7i>,5 4 b*"eS69ajS#i5 
(0 9 (b) #fig) o 

[0 0 9 9] m^X. fl©^f77A54 a Srspjg 

4 b©SMAf!6 6^JPSft1-5i:, f 2©^f77 

5 4 b ft, ^©ff^E'»/?^fcSoV^T¥±flf^(-0« 
1"So r©^*, «Efr5 8f± % »!tSg6 OiCftoT, ^3 
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©^■V79A5 4c*Tf2fe9ffiS*t5 (89 (c) # 
BR) o 

[0 10 0] f2ro^f77^5 4b^¥ffli 

aC0SMA*K6 6(C*ri-?)JPI»*fflhLT, S&l©*' 

mt&f&U itJ»6 0S:BB*1-*o »tc#:5 8 

^ IlXr/f 3©^f77A54a, 5 4c®M© 

«K6ortt***nfctt«jaiia**n5 (0 9 u) io 

#flg) o 

[0101] r©8U f l©^f77A54 a & K— 

©SMAil6 6&Jn*H-3^ 130^-^77^5 

^•V79^5 4cfca*.T2&t)Ul*n5 (09 (e) 
#H8) o 

[0 1 0 2] ^3(75^-^77^5 4 c%¥®M 20 

b©SMA*it6 6fc#i-*JPj»*#±L-C, Ji?2<Z>?* 
•1 , f77A5 4b^f5„ S»Rtl*T? 
^$Jlfcl2©^t77A5 4 bfi, ±|ftj$ K— A 

fit. «tJ»6 0*»fe^.*^FffeEE*-eafe9tti*n« (09 

(f) « o 

[0 10 3] m^Xs |3©^f77A54 cCDSM 
A*K6 6lCj^r«flHR*ffJl:b-C» fg3©^-t77 
i»5 4c^S^i-^ 0 ^Mtt«84-C^^tL 30 

U «E8S6 0SrHS-r5o «*58tt, flfcSS 

6 0*»b^*^MJeff*-e3EK:Sfe9mS*i/« (09 

(g) #JS) o 

[0 10 4] r©<t5^ Il~S3©^t77A5 
4 a, 5 4 b, 5 4 c\C— fo1$j8.&1ntz.WBZ— 9 6 8 
(010 (b) #,1) SrWRWfcWBi-r*itfc«to 

[0 10 5] tZ.hX\ SMA»Ri>e.J*57^fai 40 

[0 10 6] t*»tft*«b, SMA?*fflSf±, &MW®ti* 
Z<Dlt#>, JI^SS1t«l*fc*<5V^-CSMA 

V\ 50 
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[0 10 7] ZZX\ i 5^ 

ftftl* (0*Lft^) £?>LTSMASt®l6 6±t'£* 

mmn, SMA*K6 6 0lWfctt*SH«fc^fc:^ 

fliB» WO. 2 n mOT i Sl^ffl^fci^, i|§ 1 
2 OumtS^mmCilt-^ 6 8 0ttKffi£ttt 

#5 2 o o^-- A-efcofc. Sot, ^MMmmcok 5 

iC % »ttlfe^»^^5> L-C S MAII 6 6 SrRttftlC 

jD*rt-n«, ffim^-esMA^)H6 6 fcjiMftiiia-f 

[0 10 8] **K©fS5©Hlfi©Jgl!6Jc«5^ 
ttfE'l-^^^^T ^^^.^-^iCO^-C, 01 l^.t/0 
1 2 4r#flSL-CffiWi-5„ 01 licit, j&mofflHD 

[ o i o 9 ] 0 1 1 ui*-t-«t 5 fc, *mt©?^fncaffl 

Lfcr^Tfefe^ds £&9$7 2 i©^7 2 
*»e>ffiw tfc sMA»Bt*»fci*ai*u*tt©>i-i*t)* 7 

tt, *HJ6©^«-Ctt, ^<Z5-«^ LT, TiNiM 

SMA*K*aiffl1-5o 
[0 110] Jf*ft>!fc7 4fi, £#&37 2^bMttiUl. 
o^n«g|5 7 4 a T?— 2 fcf-A 7 4 b &fjx 

(011 (b) , s?a«±tcjpBi-?,r tiao 

T»RIBllb*:¥ffl!RKiia*i-« (011 (c) # 
ffi) c 7t^fe^7 4(Z)^S&|57 4aS±, r&Tcft 

[0111] ^ h8$tt 7 6 fi N Jf 7 4 £ ID 

-©SMAj$&fcJ:oTHfc^j££ftT*i?K 0^Y7f 
^©Itilt-y V h Sf/t^^^ 7 4 iC-^XLS «t 5 tC, 

^ Fgpit 7 6 hftfthm 7 4 t Sr«SK1-6ttieA 
7 8tt, jfftt>i740WiD (011 (a) 

[0 112] r<75j; 5*-*7t:^S[B]^^M^t7 0 n-ir^ 

7*b ] J y?*y7-<~-\-£ox^-/ybmt7 6 
■&^Xs Bi<DmM<DftmkmwiMxfo%fctb, ^<d 

IB 7 4 ©^^lcgiJ^JPX7°n ir* ^Jfe-fr i (c ± o 
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[0 113] r©J; p&M^n-fe^-efi, smaII 

m*mz.m£-tz> (in (b) w „ 

[0 1141 r©^S(C#JV^-C, M^7 4CS«|C 
ffM^tlfc-^j-comil/Ny K8 0IcFJt5£©«J±£PPt]PL 
TSMAPK^Pirf 3 ^©SMAiifllEi, * 

hffi (ffi&ffi) fcSeHi-«. SMAf 10 

«©^Ii1IBft*fca^-C, it^i7 4il 01 1 
( c ) K^ti. 5 ft¥«J»Rfc|E|«-r*o 
[0 115] lot, *mfc®7ft§ftiffl LfcZlft7c3t 

[0 116] Afcttfctt, Fjf^©JSffi-e«±^PPiPL 
T\ /tft*>!g 7 4 Oftjg^jfeSfcfc^V^-C^t)* 7 4 
SriSKS-frS^fc efcoT, tff*fc*7 4©$teJ*«7 4 
zWhKM% 4 a fi, Xjjfa\cMW)i-Z>km£f 20 

©Y^lftl©*- ^hM^P^LbftS,, C©i^, ®tt 
5 9-«7 4ali, X^fHL&T/Y^fr© 2 0©tg®^- 

ffift1-5r.£:fc&5o 4*3, TiNi^KSMAfg 
tt, feS6 3 3 nmG>ft\Z*tt&5Uti*tf1t3 5 0%X&> 
K^#EW***»i-3*&k:tt, SMAII 
±fcCr««#Jifc^L-CAuJiSr*«**«ii:^# 30 

[0 117] Ell 2ic^1-J;5}c, Mt»*7 4 
&Rft*J»1-5fc»©»»iai&8 2Xtfffi!l«IiaK8 4* 
fr»*>*7 4i*fc*««|J7 2±lC-#:«]t^1-6r 
£<b#?*u\ mniBlK8 2 i/t&*>$7 4 

0— y K 8 0 t f±, &K7 -V 8 6 i ot 
«ft»tJft»**i"CV>5o -©£5&«J&k:ift«\ ± 

7 2Uz.mmmn& 2XtWW#|lHll88 4Sr-fr»rit1-5 

[0 118] &f£, ^W©*6©*HW>JBiMC««JB 
LXmmtZ* 013(c», *HJ£©^SI©^RjE1t-& 

[0119] 113 ^-fj; 5 i-, *l£K©je«fc31ffi 
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Xli, i(D~mtLX, TiNi^K^SMAl 

pmkosbi p ± * ^x, w-mmmmrnvm 
[0120] *mm<Dftmxi±, s^gps 8 1 it, n 

^*9 0ll, (Z*y 8 8d»6 

® tti L J.o5fe^g|5 9 0 a -e— fr-fb L fc 2 *© f- A 9 0 
bSr^TL-C*J«J, mfel^— A9 0b±jCgffS©rtSPJ£ 

y h*iiH£«) 8 8 t T i N i 3-&SJim*9 0 t 
$90 ©ftSgfl 9 0 a f± % 3tffilRl«©S«-S|5 1 LTjft/l 
[0 12 1] iWr, £©J:5fcft«fiI#©»Ji? , n-fe;* 
fe^?T i N i fc* SMAllMLfcf, 7 

* h y y^77^-icj;ots m Afi^M*) W 
fc^^-=.^^-r5 0 ^v^r> rcosMAili^Lt 

O2o©e-A9 o b±m9fje©rtWJC>7fe^rf s#y 

8 81CCrM®#« (H*U«^) ^^LT^S^^fc 

8 8 ics#$^fc>t^t,$9 o *mirz>%mfa 

[0 12 2] r©i5*M^n-fe^(cffi^fc/Ky^y 
3 7119 21^ -16 0MPaO£BB(S/7fe^rf5i 

T\ Z*y H7KifB*fi8 8|Cft*ttaiyf-^^*S**jL 
7t#, ifflUjaBfcfeV^-C, )t^i9 0fl 01 3 
(b) \c*i-£5^ *^->U3y|l9 2©El^ 
icJ:or, TfiJt«*7^KSr^1- 0 ?fi*8 2°C© 
NH, -HF 2 MfrM^lCioi^X, Z*yh7KHSffi8 

^**?TIBT»*>5ri:H:RjCftlfetL"C^5 (Naoki Sugiya 
ma, et al.,A QUARTZGALVANOMETER FOR OPTICAL SCANNI 
NG IN A LASER PRINTING APPLICATION, Tech. digest. 6th 

International Conference on Sol id-State Sensors a 
nd Actuators (Transducer' 91), 1991, pp. 734-737. )„ 

[0 12 3] r.Ott«fc*JV^-C, /tft%$9 0©SJiir 
J&&£ti1t—#<DW&*1/ K9 6tcg?£0>*EE&BJjqL 
•CSMAliitSriPjfc-tai:, r©SMA^iI(i N ^ 

m cnaffl) \cmn-$z> 0 r©^*, smai 

II©7fttfE'»Si*(-S^^T, Ti-^t^gOtt, 013 
[0 12 4] f6oT, *H*o»lBSraiffl bfc3tflllRl» 
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t j:*itf , mfemnxmmmn zm^te-t^ticx^x 
Kft-hm 9 o zmn®fcm} - 1 # ^im t tt s 0 

Z(Dm&, (RMU) 9 0 a \cu-*F-yt*mM 

-tZ^klCkoX, r (DRMU 9 0 a ^ b ©K*j«)f 

rt^T^S. TiNi^ISMAigll & 

16 3 3 nm©*fc#1-«RH*W65 0%X*h5tc 

K^*R#*Sr*«1-«»&fctt, SMA»R±fc 
C r«lfcllPJIfc^U-CAuJiSrliaS*5rt*S#*L 
V\ 10 
[0 12 5] JWC, ##9§©3§7©ISjte©^1l8fc«37l£ 
^iBit^^RT^^-^o^T, Hi 4&#fl8 

&m*<Dmf&&7F $ nx v % s . 

[0 12 6] Hl4fc*-f.fc5^ *^5Scoff^tcigffl 
1x^:^+79 ASjfi****^^ =>-a*9 8 
*»b*5Sl*»lOOft«l*.-C*5t), rojj^ioo 
±tCfi s MWRl 0 2^LT~*[5]t4SMAiIl 0 
4Xtfffi»**Sr^Tl-*(S*f»lt l 0 6 #JKlcj$R£;ft 20 
-0*5. SMAfRl0 4i:Lm #IM©^ 

•■ett, ^(D-mtLX, TiNi^b^SSMA 

mm i o 4 u « i <D%m<Dftmt m$k<DW&y° 
n±x\c£ox jpfitt t «f*taaii«Ha** $ n-c v ^ a . 

[0 12 7] »1 OOSrff^-TS^y 8 
*r#*-3**®Hn 1 0 8»tf)Jit*i!), rftblf 

pio8i4, mmmi o 2^nan-5*-e^y = 

ylS 9 8 ^ y ^ v ^ («i tt\ STrffi^ yfy 

IHfcBtl 02i fCtt, «*.« % &BfeffcRXW:{£&2j£ 
l^liayl (I&STjS i NOD ^*©*-&IRSr3fiffl 

t LX, mm.^mir^m^tlS i NR&iIffl-#-5„ 
[0 12 8] JMUR (ffijfefcS i NR) 1 0 2, SMA 
If St 1 0 4&tWS;*J*R 10 614, «tfc©M P 1 

0 8fc«5 J:5tS>S»l 0 0±KiX»*n-r*i!), S 
MAffRi 0 4}Cfi, rtDSMAfll 0 4 SrJ&qfl&tf 
ft*P1-5fc»©SRt-* (B^Lfcir'O 

^-=V^$tL-CV^5„ 40 

[0129] z<D£?\cmf&£hfzy4 J r7yJ>m&^ 

fc % lo©?Vt77A 1 1 0 4r^llcioT^BJ1-5i 
(014 (a) , (b) #J8) , HP10 8±KMS 
^fc^V-V77Al 1 0(4, Satt«t*JV>-C, iSTj* 
Rl 0 6©ftUBfc£o-C±lRl# K-Afl&RSrtff (1*10 
(b) #JS) o -tUt, SMAlfil0 4t-*M^ 
^fcj»Rt-^}c±o-CSMA#Rl 0 4SrJP*rt-* 
£, r©TiNi^SMAigl04l±, ^"-^x 50 
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f4l (Xfiffi) KSBSfS. -©^ TiNi^- 

&M s MAii i o 4 ojiMKiaiiaiSfca^-c, *V 

-V^A 1 1 0!4, 130 (a) 5 

[0130] *mM<D%m\cm%Ltcy4 j ry7j»m& 

****^ffcJ:^tf, «JS©^t7?Ai 1 0^L 

(c) , (d) }C*-f£5IC> «SO^f77Al 1 

S„ tot, jft^^-^Sri*^**fcf6o-c^b* 
[0 13 1] fc*J, *BJ«!B»^(C(4, £AT©*K*^4 

(1) mm<DmmKmmm&mmtummjtmx.n 

5 ^ffita^#§l£MfES«©IIEic^$ $ ftfctfiE 
»R±lc$Rl-3j&Rig£ , !WBIM*R*e^*R 

Aft fcfcwe^ftaMigt , wmwrnm 

EfcSS L^MIBiNMftR LTff)fBS«Sr^ y 

1- 5 is ^-r s r t &tm t -r z> wmm^mm 

(2) mtmm^vmxMK^x, mmzmmte 

5±tE (i) Kmmomm^mo 

(3) mti^-^y^nmc^x, wffi&tttitf&G- 

/^^y^'^Sr iSr#@i:1-3±|E (1) £3B*fc 

(i) ~ o) (Dmwii, ikx^mmmmK 

iot, BfS^^SMAjfRSr^T'tST^f-a.i-^ 

(4) KTIB^KIBtt^ffRM:, 9f£©lBj«ft*rt5± 
iiS^^TS*)^/!)^^ 1 ?, t&3Efi!cRlgK:*s^-C, 
ffiSortft^SrWI-SMIBiajfRXtmiETSIfR 

(D icte*©M3t*fe 0 

Bj,w»>f7?f4, miomMomiSt (01x^02 
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t> sMAfg) tt£*>. z.tih±mnw&.xrrmwm 

1 (HI (a) , (b) #fiS) fcSB&StfSfcfco/M' 

(5) iriE^ttxejcfc^r, mm±snmRnmmT 

ZZbWmb1rZ±.ft (4) iaaic©M^& 10 

commit, <kx<Dmi&mmimm°imx»h 

5^ BiNlW'p-ett, fgl©^i©«>fi (01^0 2 

**£©7§HflE1t££»ll («T, SMAiW) fcft 

lft:R« (01 (a) , (b) £/$9#5 0 

(6) lulE^B^^iiMaifltt, liufEj&JSIIflf (C*5^ 20 

5z.b*W®bi-?>±. ; B (4) ME*©«3&#fc 

(tfuaa*) ait, t i n i^^^-rs^bfi 
©#£\ ^rSbfc^r^/^iur©*lBSr*li-e*>S: 30 

(7) tfriE^ H B 0^fiMiii?is^ifriE^E-it^axm 

tt, fufEj&ffillfS^c&^T, fljfE±S^(Dj5gflIlu 
(4) icfE*(DS^fe 0 

atma*) mm, t i n i -&^»ftfc»i-*jiM^Eft 
mmz, 4oo~5o ov<DWgxmftffl~%t+&ffflte 
M.^xnt>ti5tz.v>, ±smmi 2R.xrFmnf&i ok 

(8) MfeiSS^StmiETS^co^-fti**-*-© 
»«Sr^fSlg^ (T i Ni^liCu^) TfiSc 
lit, tt*©»llt*rrt«^*Sr#1-5J»RB1i-&AJ»i^ 50 
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©■&^WCfifel»i-«ri:S:4*»i1-5±iE (4) (cfE 
*©»itm, (*WE) ^©-KKfi, ^.x<dMM<dMM 

tmttttt, ffifflg^^CT^oi. (Cr) , *x 
^U-**^- (SS) , *!)^f> (Mo) , 
/KTa) fOi*©M (03 (b) #flg) Srigffl-f- 

0) t^IfE±Ji»ttX^|yfET)i^©^^i 2 ^^*^-*© 
*K3:^IElt^ (T i N i^XttCu^k) 

lib, tt*©»tttrt»^ft^5JMwm^riWi- 

5ri;Sr#^ii-s±fE (4) icBm<Dmm^m 0 
mm ^.(Dmmn. &x<D%mmm\mm~^mxh 

(10) fflBJJUWIttt^ Ti-55at.%Nid»bTi-50at.%Ni 
©$5H©Ni rich ?S;3BriESr^rU mlfETJiSJitt, Ti-4 

5at. %Ni^6)Ti-50at. %Ni©f5B©Ti richfci|B$S:^f 

£1-$JbiE (4) }cfE«<z>$Bg;*f£„ 

(11) tufE±Jg*^fi, Ti-45at.%Ni^bTi-50at.%Ni 
©$SH©Ti rich fcSjfcSrWU tff3ET**IRHu Ti-5 
5at.%Ni^bTi-50at. %Ni©fSB©Ni richft$iJ$£W 
1-5^t^#®t1-5±fE (4) fcEil©«J6*fe 

OSfifc) (10) , (11) ©3893 £T©HJ£©^ 

•fcauBprtB-cibaa*, wnBSf-ett, »i©£Sit©j£ 

IB (04#fi!) tA#ffr*?***fCV^. 

ifcioTt, SMA#fttffilt**XW:9l!WS*Sr* 
it*ii*«Tf#* (04#flg) „ r©£SJH, ±|EH5E© 

^ai^i«ic, mm.mx±^x\tT^\m^ mi 

(a) , (b) ^iftst±^jp|»i-5r t(c 

J:oXff^fE'lL^¥±&^(c0« (01 (c) #1) $ 

(12) |tifE^im^*J^-C, jtM%<D7fl**Vlt*& 

«^^K^**t5ii:Sr1#«i:i-5±3E (1) irfEic 
©M3t*lfeo 

BJ^tfett, %l<DMM(DBn (0 3 (a) # 

(^ffia*) rt*BWS**»fb****Sci: UTtt, 0 3 
(a) t*i-J;5fc» riUti*©T/v=f^^JE («T, 
Ari±^<t^5) Sr*^S*«*fe*s*ife*fCV^5 0 r. 
(DWi^s ArJE^jSrl. 0~8. Omtorr 4t?^-ft;$-fr 
Si, 4. 5mtorr SriCLX, iftJEE*fflaT?3l3BS^, 

(13) ttfia^iii@^*5^T, ^Bf©T;p^>^^)± 

r t tiot, SufE^«IEm#^#)i©J? 
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(i) fcaaio«3e*!6. 

a«-ets. io 

[0 13 2] 

iot, 3fSB!^©SMAifBISr*i-5T^f-a3i-^ 
[0 1 ] JfWmW, 1 ©l«©^fc«<&JIMfiE1lte& 

^CDfllfifeSr^-t-^ia-e&o-C, (a) Xtf (b) f±, 20 

srrict^tB^-Mg, (c) ii, tomvtnfo&^xft 

[0 2] (a) ~ (e) Hu ^BROft 1 OSOiO^ 
fc« 5 ^fE«^»IRT * ^ a 3i- * ©M®^ o * * 

[03] (a) (1 TiNiM^b^SMAfl© 

0, (b) tt, T iNi-&&£W1.©&»d»fcrit*SMA 30 

*-fEk (c) II ->^^F7^K«5il 
X, T^-^^T^WMiSr 1 5 Osccm^fe. 3sccm^-e 

[04] (a) SO 5 (b) It, SMAilOrtge 
lS*Sr«-3l-t-5»&»i*JV^, j$RLfeSMA*IR©rt 
SPJS^fcjglS Lfcf !/ 3 ^X«©IEft©fc:b^:»©ll$J 
{I£*-f0<, 40 

[0 5] (a) ~ (n) ti s SMA»ftO*S*fiIt^S 

0o 

[0 6 ] #f§0J©f! 2 ®£tt0&ffi£ft£^IBtt£& 
* ^a. 3i- 9 t fcW^*>i£ST ? f- » 31- 
*©«j&£*t£4$0-cfco-t, (a) f±, SM^ffi^ 

0, (b) fi, iPfl^li(c*3^-CM^%*^TO^ic 

ta«Lfc^ffi*^i-0, ( c ) -^mmmmmm 
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©3ttD«[H]^ii^^i-0 o 

[0 7] *|gK©»3©mfio^SBfc«5^E1t^ 
3i-^©#^Sr^i-0-efcot, (a) XV (b) tt, 
Lfc««*:*1-Ba, (c) XV (d) fi, iPHft^ffi}c*3 

[0 8] (a) hu n3<Dm&<DTm\z&zjm$ite& 
um^m^tm, (b) %z<DM&<D%m\c%z> 

J&RfBtt&&*lgST ^^3-3i-^Sr^ji^57-i:fC 
[0 9] *«H®!M®?tft0£&£ffiS^£tt#& 

*-f0-e&oT\ (a) ~ (g) tt, 
»MS£BJ0 o 

[010] (a) Si, H9fc***bfc^W tniRvfto 

mm, (b) •r^^p^V'T'ro^-t^vAic- 

-T0O 

[011] «SW©*5 0Hlt©»»c««Ji^E1l'& 
^©«^^*1-0T?fco-C, (a) tt, ^©¥B0, 

(b) affl*MBt*jv^-c>i-«f'fe**siiiu*ifc±ift# 

«{ftJ!MftSrriGL*:!R«Sr*t-H, (c) tt % JPiMtc 
[012] 01 1 £*Sftfc7&tt!S»&&»KT*^3. 

*5c3tete^©*^Sr*1-0-Cfco-C, (a) f±, ^© 
¥S0, (b) ft, ^^iic&^T^fe^tJtCft 
fc±Ift#»*^*tfcl*t*:tt«Sr*i-BI, (c) tt % Jp 

i-0o 

[013] #«8©£6©|li£©^i§fc«5^|Elfrg- 
«^**-T0-efcoT, (a) fit, ^©ffiffi0, (b) 

fc«***i-H, (c) tt % m*Mftiiwc*jv>-c^i*t>* 

[014] *mW<D% 7 ©^JI©^lC#5^fElg^ 

^M^m^^mxhox, (a) i±, im&Wtz. 

0, (b) tt, SMtt5^t^t77A^i^f 
K-AJI^Sr^tfcttllSrv-tH, (c) XV (d) 

ft, f 7 7 ©St©^^ 1 7 7 A 

0o 

[^^-©IftBJ] 
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